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The present invention relates to a method for improved diagnosis of cervical 
lesions based on detection of gene products encoded by the INK4a gene locus. 

5 According to the present invention an improvement in diagnosis may be achieved 
by assessing the presence or absence or the level of overexpression of at least 
two different gene products encoded by the INK4a gene locus. Especially the 
discrimination of p16INK4a overexpressing metaplasias from neoplastic or 
preneoplastic p16INK4a overexpressing lesions may be improved by 

10 determination of the level of other gene-products encoded by the lNK4a locus 
such as p14ARF molecules in biological samples in the course of cytological 
testing procedures. The method thus enables for reduction of false positive results 
in the p16INK4a based detection of anogenital lesions in cytological testing 
procedures. Furthermore the present invention relates to peptides derived from 

15 cell cycle regulatory proteins, the expression of which is altered in association with 
tumors in individuals. These peptides according to the present invention may be 
used for detection and therapy of tumors. For detection purposes the peptides 
may for example be used to detect antibodies directed against said peptides. In 
therapeutic respect the peptides may be used for immunotherapy or vaccination 

20 approaches. In therapeutic and diagnostic respect the peptides may be used in 
combination with one or more peptides derived from tumor associated proteins. 

The detection of the overexpression of p16INK4a in biological samples has proven 
as a useful marker in the detection of anogenital lesions such as carcinoma of the 
uterine cervix (see WOOO/01845; Klaes et al., Int. J. Cancer: 92, 276-284 (2001)). 
25 The method based on p16lNK4a-specific immuno-chemical staining allows for a 
sensitive and specific identification of dysplastic cells in tissue section and in 
cytological samples. 

In immuno-histochemical examinations of tissues dysplastic and neoplastic cells 
can be stained using a p16INK4a specific antibody mediated staining procedure. 
30 The histological diagnosis of neoplastic lesions can thus be supported by a 
staining procedure based on a molecular marker characteristic for transformation 
of cells in anogenital lesions. The diagnosis, whether or not cells are neoplastic, in 
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these procedures is not solely based on the p16lNK4a specific staining, but does 
also rely on the histological information. 

This is due to the fact, that in about 20-30% of samples metaplastic cells show 
some immunoreactivity with p16 INK4a specific antibodies, and thus are stained in 
5 the course of the procedures. Yet the staining pattern yielded from these 
metaplastic cells differs from the pattern, which renders from neoplastic lesions. 
Metaplastic cells give rise to a patchy or focal staining pattern, whereas neoplastic 
lesions give rise to diffuse staining pattern. Moreover the staining intensities of 
metaplastic cells are predominantly less than that of neoplastic cells. 

10 The common methods used in screening tests for the early detection of dysplasias 
and/or neoplasias do not employ histology based tests, but do rather rely on 
cytological testing procedures. Yet especially in cases, when there is no 
histological information available concerning the architecture of tissues, such as 
for example in cytological examinations, testing for p16INK4a overexpression 

15 alone may lead to false positive results. This is due to the fact, that those fractions 
of metaplastic cells expressing p16INK4a at detectably elevated levels, may not 
be differentiated by means of a histologic criteria. 

The percentage of cells showing overexpression of p16INK4a increases in the 
course of emergence of dysplasias. So in neoplastic or preneoplastic stages, 

20 when only a restricted population of neoplastic or preneoplastic cells is present in 
samples the immunoreactivity of p16INK4a may be weak. This weak 
immunoreactivity may be of about the level as the level caused by metaplastic 
cells. In later stages of dysplasias the overall immunoreactivity of p16INK4a is 
stronger and so neoplastic lesions are easily discernible from metaplasias even in 

25 a cytological testing format. This might lead to cases, where the presence of 
metaplastic cells expressing p16INK4a might be confused with the presence of 
neoplastic cells, and thus produces a false positive result. 

Especially in screening tests, where the detection of early stages of neoplasias is 
desirable this condition is quite unpleasant. This is especially true, as the 
30 p16INK4a based diagnosis has proven to be a valuable tool in histological 
examinations and the application in cytological based screening procedures would 
be able to enhance these established procedures. 
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To reduce false positive results in cytological testing formats and so to further 
enhance the fidelity of the p16INK4a mediated diagnosis of anogenital lesions a 
method for discriminating the metaplasias from neoplastic and dysplastic lesions 
would be desirable. The problem in the art especially pertains to early stages of 
5 neoplasias, when the percentage of cells showing p16INK4a overexpression is still 
at a level, that might be confused with levels of normally occurring p16lNK4a 
overexpressing proliferating metaplastic cells. Thus useful means for solving the 
present problem have to involve parameters, that characterize early stages of 
neoplasias of the anogenital tract. Any characteristics of dysplasias and/or 
10 neoplasias emerging during the progress of tumorigenesis, thus proving as 
diagnostic tools for high grade dysplasias, and are limited in early stages of 
tumorigenesis are not suitable for the method according to the present invention. 

A method for the discrimination of metaplasias from neoplastic and preneoplastic 
lesions is provided within the embodiments claimed according to the present 
15 invention. 

For supporting the discrimination of metaplasias from neoplastic lesions in testing 
procedures based on the overexpression of p16INK4a a marker molecule would 
be desirable, that is expressed in neoplastic and/or preneoplastic cells and tissues 
and, which is not expressed in metaplastic cells. 

20 A solution to the problem present in the art is provided by the methods claimed 
according to this invention. In the course of the experiments leading to the present 
invention the inventors have found, that a combination of detection of the presence 
or absence and/or the level of p16INK4a in combination with at least one further 
expression product encoded by the INK4a gene locus, such as the p14ARF 

25 protein, may solve the problem present in the art. 

Another aspect of the invention relates to use of peptides derived from ink4a locus 
encoded molecules. 

A promising approach for therapy of carcinomas could be based on removal of 
affected cells or tissues by the immune system of individuals. Analogous to the 
30 way the immune system is able to fight infections by micro-organisms etc. certain 
properties of transformed tumor cells and tissues may be used to elicit an immune 
response directed against these cells and tissues. 
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It is well known in the art that tumors are associated with alterations in molecular 
properties in cells. Commonly tumors are accompanied by the expression of 
altered polypeptides or by the expression of non-wild type levels of proteins. This 
is especially true for cell cycle regulatory proteins. 

5 During the experiments leading to the present invention the inventors have found, 
that peptides derived from cell cycle regulatory proteins, which are expressed in 
association with tumors, may be used for detection and therapy of tumors. 
Especially useful are the expression products encoded by the INK4a gene locus. 

The expression products encoded by the INK4a locus are known to show non 
10 wild-type expression patterns in association with cancers. It is especially known, 
that the 16 kDa product p16 INK4a encoded by said gene is either overexpressed or 
not at all expressed in a large number cancers. Furthermore it has been reported, 
that other expression product encoded by that locus by an alternative reading 
frame such as p14ARF, which also functions as a cell cycle regulatory protein, 
15 albeit as member of a different regulatory pathway, is also overexpressed in 
association with cancers. 

The inventors of the compounds and methods disclosed herein could show, that 
immunogenic peptides may be derived from the expression products encoded by 
the INK4a locus. These products furthermore may be used to elicit a specific 
20 immune response directed against tumor celts expressing the INK4a encoded 
gene products. 

The subject matter specified in the claims of the present patent application is 
suitable to overcome the disadvantages of therapy and diagnosis of cancers as 
present in the art. The inventors identified a number of particular peptides, which 
25 are suitable for the generation of immune response against the tumor associated 
proteins and their degradation products. These immunogenic peptides known to 
show non-wild type expression in cells affected by tumors provide useful tools for 
the therapy and diagnosis of said diseases. 

The present invention in one aspect relates to peptides and nucleic acids encoding 
30 these peptides, which derived from tumor associated proteins, and which may be 
used to elicit an immune response against said tumors. The peptides are derived 
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from cell cycle regulatory proteins, which show non wild-type expression in 
association with tumors. 

A second aspect of the present invention is a method for treatment of tumors using 
the peptides and nucleic acids disclosed herein. The method is based on the 
5 generation of an immune response in individuals directed against cells expressing 
the respective peptides. The method may be applied as preventive or therapeutic 
means to fight tumors. 

A third aspect of the present invention is a method for diagnosis of tumors based 
on the detection of antibodies directed against the peptides disclosed herein in 
10 individuals. The detection of the antibodies may for example be performed using 
the disclosed peptides. Otherwise the antibodies may be detected using specific 
antibodies directed against them. 

A fourth aspect of the present invention relates to a pharmaceutical composition 
for use in the therapeutic method according to the present invention. The 
15 pharmaceutical composition is characterized, in that it contains at least one of the 
peptides disclosed herein. Furthermore the pharmaceutical composition may 
copmprise one or more further peptides derived from a protein, that is associated 
with cancer. 

A fifth aspect of the present invention relates to a kit for the detection of the 
20 antibodies directed against the inventive peptides in individuals. The kit may for 
example contain the respective peptides or antibodies for the detection of the 
antibodies. The kit may for example be used for diagnostic purposes to detect the 
presence or absence of a tumor or in the course of immunotherapy to monitor the 
therapeutic effect. Furthermore a kit according to the present invention may also 
25 comprise positive and/or negative control samples. 

In a further aspect the present invention relates to a method for discrimination of 
neoplastic, preneoplastic and/or dysplastic lesions from metaplasias comprising 
p16INK4a overexpressing cells, in biological samples in a cytological testing 
procedure based on the detection of the presence or absence of cells expressing 
30 INK4a gene locus encoded gene-products in said biological samples. INK4a gene 
locus encoded gene-products useful for the method disclosed herein are gene- 
products such as e.g. p14ARF. In one embodiment of the invention p14ARF 
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protein or mRNA may serve as a marker for discrimination of metaplasias from 
early neoplastic or preneoplastic lesions in samples. 

The present invention provides peptides and nucleic acids coding therefore, which 
are expressed in association with tumors, for the use in therapy and diagnosis of 
5 disorders such as cancer. The peptides are derived from ceil cycle regulatory 
proteins, which show an altered expression in association with cancer. 
The INK4a gene locus as used in the context of the present invention is located on 
chromosome 9p21. The locus is alternatively nominated e.g. the INK4a/ARF locus, 
CDKN2A gene, the MTS1 locus. The gene locus dealt with herein is that gene 
10 locus, that in one aspect encodes the gene product p16 ,NK4a protein, but is also 
known to encode for other gene product in alternative reading frames. 
Altered expression as used in the context of the present invention may comprise 
for example any non wild-type expression of a nucleic acid. The expression may 
differ from the wild type expression either in the level of the expression (elevated 
15 expression level or reduced expression level) or the expression product (mutated 
expression product). A mutated expression product differs from the wild type 
expression product in sequence or in any structural parameter such as 
modification etc. The wild-type expression shall be understood to be the 
expression found in a normal control tissue. 
20 An expression product according to the present invention may be any molecule 
transcribed from a gene or any molecule translated from such a transcript. Thus 
expression product as used in the context of the present invention may comprise 
polynucleotides such as e.g. DNA or RNA and polypeptides such as proteins, 
proteoglycans, peptides etc. Expression product as used in the context of the 
25 present invention shall comprise any transcript of a gene locus in forward or 
reverse direction including any reading frames, splicing variants or alternative 
promoters. Expression products as used herein shall thus comprise any alternative 
products encoded by the nucleic acids of a particular gene locus. 
In one embodiment of the invention the cell cycle regulatory proteins are encoded 
30 by the INK4a gene. The cell cycle regulatory proteins as disclosed herein 
comprise any proteins encoded by alternative reading frames, arising from 
alternative splicing or usage of alternative promoter sequences of said gene. In 
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one embodiment of the present invention the proteins exhibit molecular weights of 
about 5 to 40 kDa or any value in between and preferably of about 10 to 20 KDa or 
any value in between and most preferably of about 14 to about 19 kDa or any 
value in between respectively. The cell cycle regulatory proteins for use in the 
5 context of the present invention are different from P 16INK4a cyclln dependent 
kinase inhibitor in at least one property selected from a group consisting of 
molecular weight, amino acid sequence, biological function and immunoreactivity. 
In one embodiment of the present invention the immunogenic peptides that may 
be derived from a protein may be predicted as described by Rammensee et al. 
10 "MHC ligands and peptide motifs: 1st listing", Immunogenetics 41, 178-228, 1995 
and Rammensee, et al., "MHC ligands and peptide motifs" Bioscience 1997, which 
methods shall be included herein by reference. The methods are exemplified 
below in the examples. 

Peptides derived from the cell cycle regulatory proteins as used in the context of 
15 the present invention may comprise the respective full length proteins, fragments 
thereof, or peptides of any length. In certain embodiments of the present invention 
the peptides derived from cell cycle regulatory proteins showing altered expression 
in association with cancers may be e.g. at least one or more peptides selected 
from the peptides given in Table 1 . 
20 In one embodiment of the present invention the peptides derived from the lNK4a 
expression products are 15-mer peptides. The 15-mer peptides are for example 
selected from a group consisting of the peptides : 

GHDDGQRPSGGAAAA 
VVHIPRLTGEWAAPG 
25 VHIPRLTGEWAAPGA 
RRPGHDDGQRPSGGA 
In this embodiment the peptides are preferably presented by MHC class II 
molecules. 

In another embodiment the peptides may be HLA-A1 restricted nonamer 
30 polypeptides selected from a group consisting of the following: 
HDDGQRPSG 
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AAELGPGGG 
RRCPGGLPG 
GHDDGQRPS 
GGENMVRRF 

5 In yet another embodiment the peptides are HLA-A3 restricted nonamers selected 
from a group consisting of: 

QLRRPRHSH 
MVRRFLVTL 
VLMLLRSQR 
10 RLGQQPLPR 
RVRVF VVHI 
TLRIRRACG 
RLTGEW AAP 

in one further embodiment the peptides may be HLA A*0201 restricted nonamers 
15 selected from a group comprising the following peptides: 
MVRRFLVTL 

AAVALVLML 

A V A LVLMLL 

LM LLRSQRL 

20 HIMGRGRCV 

AAP GAP AAV 
GAPAAVALV 

(Poly)peptides as used according to the present invention may comprise amino 
acid chains of any length, including full length proteins, wherein the amino acid 
25 residues are linked by covalent peptide bonds. 
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Tumor associated peptides as disclosed in the context of the present invention 
shall comprise polypeptides of lengths of at least 4 amino acids. The peptides may 
for example comprise 4 to 50 amino acids or any number of amino acids in 
between. In another embodiment of the present invention the peptides may 
5 comprise polypeptides with more than 50 amino acids. These polypeptides for use 
in the context of the present invention may for example comprise 50, 100, 500, 
750, 1O00 amino acids or any number of amino acids in between and may 
comprise proteins, or fragments thereof, and/or fusion- or chimeric proteins 
comprising on or more additional heterologous sequences. The additional 
10 sequences may be derived from the native protein or may be heterologous, and 
such sequences may (but need not) be immunoreactive and/or antigenic. As 
detailed below, such polypeptides may be isolated from tumor tissue or prepared 
by synthetic or recombinant means. 

As used herein, a polypeptide exhibiting biological properties of the tumor 
15 associated peptides is understood to be a polypeptide having at least substantially 
the same immunogenic properties, i.e. is still capable of binding an antibody 
directed against said poplypeptide, e.g. comprises an immunogenic portion of said 
polypeptide. 

Peptides disclosed herein are immunogenic polypeptides. This requires, that the 
20 polypeptides may stimulate immune responses in host organisms either in the 
form the polypeptides adopt in their natural environment and/or especially in the 
form the polypeptides adopt after processing by the cellular antigen processing 
and presenting machinery. 

Immunogenic portion as used above is a portion of a protein, that is recognized by 
25 a B-cell and/or T-cell surface antigen receptor. The immunogenic portions 
comprise at least 4 amino acid residues, at least 10 amino acid residues or at least 
1 5 amino acid residues of the protein disclosed herein. In one embodiment of the 
present invention, particular domains of the protein, such as for example 
transmembrane domains or N-terminal leader sequences have been deleted. 
30 The immunogenic portions according to the present invention react with antisera 
or specific antibodies in the same or nearly same intensity as the native full length 
proteins. The immunogenic portions are generally identified using the techniques 
well known in the art. Possible techniques are for example screening of the 
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polypepfides for the ability to reaot with antigen-specific antibodies, antisera and/or 
T-cell lines or clones. 

,n certain embodiments of the present invention polypeptides may comprise fusion 
or chimeric poiypeptides containing sequences disciosed herein. Fusion pro^ns 
5 comprise the poiypeptide according to the present invention together w«h any 
second and further peptides, such as e.g. one or more polypeptides of the 
same sequence or of another sequence. Heterologous polypeptides may compnse 
e n enzymes, receptor molecules, antigens, antigenic or immunogenic eprtopes or 
fragments, antibodies or fragments thereof, signalling polypeptides or signal 
,0 transducing poiypeptides, iabelled polypeptides etc.. The immunogenic protein 
may for example be capable of eliciting a recall response. Examples of such 
proteins include tetanus, tuberculosis and hepatitis proteins (see, for example, 
Stoute et al. New Engl. J. Med., 336:86-91 (1997)). 

ln one embodiment of the invention the fusion peptides may be constructed for 
,6 enhanced detection or purification of the polypeptides, or of complexes of the 
polypeptides with the respective immunological entities according to the present 
invention. For the purpose of purification tags, such as e.g. his-tags, myc-tags etc. 
may be added to the polypeptides. For the purpose of detection antigenic portions, 
enzymes, chromogenic sequences etc. may be fused to the polypeptides. The 
20 fusion proteins of the present invention may (but need not) include a linker peptide 
between the first and second polypeptides. 

A peptide linker sequence may be employed to separate the first and the second 
polypeptides by a distance sufficient to ensure, that each polypeptide folds into its 
secondary and tertiary structures. Such a peptide iinker sequence is incorporated 

26 into the fusion protein using standard techniques we,, known in the art. Su.tab,e 
peptide linker sequences may be chosen based on the fo.low.ng factors: (1) their 
ability to adopt a flexible extended conformation; (2) their inabil.ty to adopt a 
secondary structure that could interact with functiona, epitopes on the first and 
second polypeptides; and (3) the lack of hydrophobic or charged residues that 

30 might react with the polypeptide functional epitopes. 

Preferred peptide linker sequences contain Gly, Asn and Ser residues. Other near 
neutral amino acids, such as Thr and Ala may a,so be used in the linker sequence. 
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Amino acid sequences which may be usefully employed as linkers include those 
disclosed in Maratea et al., Gene 40:39-46, 1985; Murphy et al., Proc. Natl. Acad. 
Sci USA 83:8258-8262, 1986; U.S. Pat. No. 4,935,233 and U.S. Pat. No. 
4 751 180. The linker sequence may be from 1 to about 50 amino acids in length. 
5 Peptide sequences are not required when the first and second polypeptides have 
non-essential N-terminal amino acid regions that can be used to separate the 
functional domains and prevent steric interference. 

The term tumor associated (poly)peptides according to the present invention may 
also comprise variants of the native proteins. These variants may differ from the 

10 native protein in one or more alterations such as substitutions, deletions, additions 
and/or insertions. The immunoreactivity of the variants according to the present 
invention is not substantially diminished compared to the native proteins. In a 
preferred embodiment of the invention the immunoreactivity and or acitivity is 
diminished less than 50% and in a more preferred embodiment the 

15 immunoreactivity and or activity is diminished less than 20 % compared to the 
native polypeptides. 

The variants according to the present invention comprise e.g. conservative 
substitutions, so that the amino acids changed are substituted for amino acids with 
similar properties. The properties concerned may include polarity, charge, 
20 solubility, hydrophobic^, hydrophilicity and/or amphipathic nature of the amino 
acid residues. 

The variants according to the invention may also comprise additional terminal 
leader sequences, linkers or sequences, which enable synthesis, purification or 
stability of the polypeptides in an easier or more comfortable way. 
25 Variants of the polypeptides according to the present invention may be produced 
by means of conventional molecular biological processes (see, e.g., Sambrook et 
al., 1989, Molecular Cloning, A Laboratory Manual, 2 nd edition Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY) 

The tumor associated polypeptides disclosed herein may be generated by 
30 synthetic means. In particular, synthetic polypeptides having fewer than about 100 
amino acids, and generally fewer than about 50 amino acids, may be generated 
using techniques well known to those of ordinary skill in the art. For example, such 
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polypeptides may be synthesized using any of the commercially available solid- 
phase techniques, such as the Merrifield solid-phase synthesis method, where 
amino acids are sequentially added to a growing amino acid chain (see, for 
example, Merrifield, J. Am. Chem. Soc. 85:2149-2146, 1963). Equipment for 
5 automated synthesis of polypeptides is commercially available from suppliers such 
as Perkin Elmer/Applied BioSystems Division (Foster City, Calif.), and may be 
operated according to the manufacturer's instructions. 

According to the present invention polypeptides may be represented by nucleic 
acids coding for said polypeptides. These nucleic acids may for example be used for 
10 the in situ expression of the respective polypeptides. For the purpose of expression 
of nucleic acids, the particular nucleic acids may be joined with suitable other 
nucleic acid sequences, that enable for the cloning and expression of said nucleic 
acids encoding the tumor associated polypeptides. 

Nucleic acid molecules according to the present invention may comprise 
15 polynucleotides or fragments thereof. Preferred polynucleotides may compnse at 
least 20 consecutive nucleotides, preferably at least 30 consecutive nucleotides and 
more preferably at least 45 consecutive nucleotides of the sequences. The nucle.c 
acids according to the present invention may also be complementary or reverse 
complementary to any of said polynucleoodes. Polynucleotides may for example 
20 include single-stranded (sense or antisense) or double-stranded molecules, and 
may be DNA (genomic, cDNA or synthetic) or RNA. RNA molecules comprise as 
well HnRNA (containing introns) as mRNA (not containing introns). According to the 
present invention the polynucleotides may also be linked to any other molecules, 
such as support materials or detection marker molecules, and may, but need not, 
25 contain additional coding or non-coding sequences. 

A nucleic acid sequence encoding one or more peptides of the present invention is 
constructed using known recombinant DNA techniques to assemble separate 
nucleic add sequences encoding the first and second polypeptides onto an 
appropriate expression vector. The 3' end of a nucleic acid sequence encoding the 
30 first polypeptide is ligated, with or without a peptide linker, to the 5' end of a nucle.c 
acid sequence encoding the second polypeptide ensuring the appropriate reading 
frames of the sequences to permit mRNA translation of the two nucleic acd 
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sequences into a sing.s fusion protein that retains the biological activity 
(antigenicity) of both the first and the second polypeptides. 

The nucleotide sequences according to the present invention may be joined to a 
variety of other nucleic add sequences using the known recombinant DNA 

5 techniques. The sequences may for exampie be doned into any of a variety of 
cloning vectors, such as plasmids, phagemids, lambda phage derivatives and 
cosmids Furthermore vectors such as expression vectors, replication vectors, 
probe generation vectors and sequencing vectors may be joined w,th the 
sequences disclosed herein. Sequences of special interest, that could be cloned to 

10 the nucleic acids according to the present invention are for example non ccdmg 
sequences and regulatory sequences induding promoters, enhancers and 
terminators . 

in a preferred embodiment polynucleotides may be formulated such, that they are 
able to enter mammalian cells and to be expressed in said cells. Such 
15 formulaton* are especially useful for therapeutic purposes. The express,on of 
nucleic acid sequences in target cells may be achieved by any method known to 
those skilled in the art. Trie nucleic acids may for example be joined to elements 
that are apt to enable their expression in a host cell. Such elements may compnse 
promoters or enhances, such as CMV-, SV40, RSV-, metallothionein I- or 
20 polyhedrin-promotors respectively CMV- or SV40-enhancers. Possible methods 
for the expression are for example incorporation of the polynucleotides into a v.ral 
vector including adenovirus, adeno-associated virus, retrovirus, vaccn.a v,rus or 
pox virus Viral vectors for the purpose of expression of nucleic acds ,n 
mammalian host cells may comprise pcDNA3, pMSX, pKCR, pEFBOS, cDM8, 
25 pCEV4 etc.. These techniques are known to those skilled in the art. 

Other formulations for administration in therapeutic purposes include colloidal 
dispersion systems such as for example macromolecula complexes, 
microspheres, beads, micelles and liposomes. 

For the manipulation in prokaryotic cells by means of genetic engineering the 
30 nucleic acid molecules of the invention or parts of these molecules can be 
introduced into plasmids allowing a mutagenesis or a modification of a sequence 
by recombination of DNA sequences. By means of conventional methods (of. 
Sambrook et al„ supra) bases may be exchanged and natural or synthetic 
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sequences may be added. In order to link the DNA fragments with each other 
adapters or linkers may be added to the fragments. Furthermore, manipulations 
may be performed that provide suitable cleavage sites or that remove superfluous 
DNA or cleavage sites. If insertions, deletions or substitutions are possible, in vitro 
5 mutagenesis, primer repair, restriction or ligation may be performed. As analysis 

method usually sequence analysis, restriction analysis and other biochem,cal or 

molecular biological methods may be used. 

A nucleic acid sequence encoding a fusion protein of the present invention is 
constructed using known recombinant DNA techniques to assemble separate 

10 nucleic acid sequences encoding the first and second polypeptides mto an 
appropriate expression vector. The 3' end of a nucleic acid sequence encoding the 
first polypeptide is ligated, with or without a peptide linker, to the 5' end of a nucleic 
acid sequence encoding the second polypeptide ensuring the appropriate reading 
frames of the sequences to permit mRNA translation of the two nucleic acid 

15 sequences into a single fusion protein that retains the biological activity of both the 
first and the second polypeptides. 

The tumor associated polypeptides of the present invention, and nucleic acids 
encoding such polypeptides, may be isolated from tumor tissue using any of a 
variety of methods well known in the art. Nucleic acid sequences corresponding to 
20 a gene (or a portion thereof) encoding one of the inventive tumor polypeptides 
may be isolated from a tumor cDNA library using a subtraction technique. Partial 
nucleic acid sequences thus obtained may be used to design oligonucleotide 
primers for the amplification of full-length nucleic acid sequences from a human 
genomic nucleic acid library or from a tumor cDNA library in a polymerase chain 
25 reaction (PCR), using techniques well known in the art (see, for example, Mullis et 
al Cold Spring Harbor Symp. Quant. Biol. 51:263, 1987; Erlich ed., PCR 
Technology Stockton Press, NY, 1989). For this approach, sequence-specific 
primers may be designed based on the nucleotide sequences provided herein and 
may be purchased or synthesized. 
30 The ligated nucleic acid sequences encoding the inventive polypeptides are 
operably linked to suitable transcriptional or translational regulatory elements 
known to the person skilled in the art. The regulatory elements responsible for 
' expression of nucleic acid may be located e.g. 5' to the nucleic acid sequence 
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encoding the first polypeptides, within the coding sequences or 3' to the nucleic 
acid sequences encoding the first or any further polypeptide. Stop codons required 
to end translation and transcription termination signals are present 3' to the nucle.c 
acid sequence encoding the second polypeptide. 
5 The (poly)peptides as claimed according to the present invention are isolated. This 
means that the molecules are removed from their original environment. Naturally 
occurring proteins are isolated if they are separated from some or all of the 
materials, which coexist in the natural environment. Polynucleotides are isolated 
for example if they are cloned into vectors. 
10 in certain preferred embodiments, described in more detail below, the 
polypeptides disclosed herein are prepared in an isolated, substantially pure form 
(i e the polypeptides are homogenous as determined by amino acid com P os,t.on 
and primary sequence analysis). Preferably, the polypeptides are at least about 
90% pure, more preferably at least about 95% pure and most preferably at least 
15 about 99% pure. The substantially pure polypeptides may for example be 
employed in pharmaceutical compositions. 

In certain embodiments of the present invention, especially for the detection of 
specific antibodies directed against tumor associated polypeptides, these 
polypeptides themselves may be employed. Immunogenic portions as used here.n 
20 is a portion of a protein, that is recognized by a B-cell and/or T-cell surface antigen 
receptor. The immunogenic portions comprise at least 5 amino acid residues, 
more preferably at least 10 amino acid residues and most preferably at least 15 
amino acid residues of the tumor associated polypeptides according to the present 
invention. 

25 immunogenic portions useful for the detection of specific antibodies may be 
provided as oligopeptides or as part of larger proteins. This is dependent on the 
embodiment of the invention. Where antibodies are to be detected, the antogemc 
epitopes may either be primary structures of polypeptides or the epitopes may be 
built by complex arrangements of tertiary structures of polypeptides. Concerning 

30 cells directed against specific tumor associated peptides the relevant 
immunogenic portions are merely short fragments of peptides with a length of 
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about 10 — 20 amino acids. Thus depending on the particular detection method the 
immunogenic portions have to be chosen. 

Another aspect of the present invention relates to binding agents, antibodies and 
immunological entities specifically recognizing the peptides derived from protems 
5 associated with tumors. In this respect *e present invention provides binding 
aoents such as antibodies and antigen-binding fragments, that specffically bind to 
the peptides derived from INK4a encoded proteins showing altered expression 
patterns in tumors. 

The term binding agent comprises a variety of substances such as oligopeptides, 
10 antibodies, peptidomimetic molecules comprising antigen binding oligopeptides, 
nucleic acids, carbohydrates, organic compounds, etc.. Antibody according to the 
present invention relates to antibodies which consist of polyclonal antibodies, 
essentially of pooled monoclonal antibodies with different epitopic specifies, as 
well as distinct monoclonal antibody preparations. Monoclonal antibodies are 
15 made using an antigen containing fragments of the polypeptides of the invent™ 
by methods well known to those skilled in the art (see, e.g., Kbhler et al„ Nature 
256 (1975) 495). As used herein, the term "antibody- (Ab) or "monoclonal 
antibody' (Mab) is meant to include intact molecules as well as antibody fragments 
(such as for example, Fab and F(ab') 2 fragments) which are capable of 
20 specifically binding to protein.' Fab and f(ab)2 fragments lack the Fc fragment of 
intact antibody, clear more rapidly from the circulation, and may have less non- 
specific tissue binding than an intact antibody. (Wahl et al., J. Nucl. Med. 24: 316- 
325 (1983)). Thus, these fragments are preferred, as well as the products of a 
FAB or other immunoglobulin expression library. Moreover, antibodies of the 
25 present invention include chimerical, single chain, and humanized antibod,es. 

For certain purposes, e.g. diagnostic methods, the antibody or binding agent of the 
present invention may be detectably labelled, for example, with a radioisotope, a 
bioluminescent compound, a chemiluminescent compound, a fluorescent 
compound, a metal chelate, or an enzyme. Furthermore any method surtable for 
30 the detection of the intermolecular interaction may be employed. 

The antibody or antigen-binding agent is said to react specifically, if it reacts at a 
detectable level with a peptide disclosed herein, and does not significantly react 
with other peptides. The antibodies according to the present invention may be 
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monoclonal or polydonal antibodies. Other molecules capable of binding 
specifically may be for example antigen-binding fragments of antibodies suoh as 
Fab fragments, RNA molecules or polypeptides. According to the present 
invention binding agents may be used isolated or in combination. By means of 
5 combination it is possible to achieve a higher degree of sensitivity. 

The antibodies useful for the methods according to the present invention may 
comprise further binding sites for either therapeutic agents or other polypeptides or 
may be coupled to said therapeutic agents or polypeptides. Therapeutic agents 
may comprise drugs, toxins, radio-nuolides and derivatives thereof. The agents 
10 may be coupled to the binding agents either directly or indirectly for example by a 
linker or carrier group. The linker group may for example function in order to 
enable the coupling reaction between binding agent and therapeutic or other agent 
or the linker may act as a spacer between the distinct parts of the fusion molecule. 
The linker may also be cleavable under certain circumstances, so as to release 
15 the bound agent under said conditions. The therapeutic agents may be covalently 
coupled to carrier groups directly or via a linker group. The agentmay also be non- 
oovalently coupled to the carrier. Carriers that can be used according to the 
present invention are for example albumins, polypeptides, polysaccharides or 
liposomes. 

20 The antibody used according to the present invention may be coupled to one or 
more agents. The multiple agents coupled to one antibody may be all of the same 
species or may be several different agents bound to one antibody. 
The invention also relates to a transgenic non-human animal such as transgenic 
mouse, rats, hamsters, dogs, monkeys, rabbits, pigs, C. elegans and flsh suoh as 
25 torpedo fish comprising a nucleic acid molecule or vector of the invention, 
preferably wherein said nucleic acid molecule or vector may be stably integrated 
into the genome of said non-human animal, preferably suoh that the presence of 
said nucleic acid molecule or vector leads to the expression of the inventive cel. 
cycle regulatory protein derived polypeptide (or related polypeptide) of the 
30 invention, or may otherwise be transiently expressed within the non-human 
animal Said animal may have one or several copies of the same or different 
nucleic acid molecules encoding one or several forms of the inventive polypeptide. 
This animal has numerous utilities, including as a research model for the 
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development of therapies, treatment, etc. for tumors. Accordingly, in this instance, 
the non-human mammal is preferably a laboratory animal such as a mouse or rat. 
It is one aspect of the present invention to detect tumors on the basis of the 
detection of immunological entities directed against the peptides disclosed harem. 
5 The detection as used herein may also comprise the detecSon of immunological 
entities disclosed herein together with immunological entities directed against 
other tumor associated peptides. These peptides may e.g. comprise p13,5, p14. 
P 1 5 P 16 p19. p21, P27, P 53, Rb protein, osteopontine, grp, renal dipeptidase, idl, 
mcmS mcm2, cdc6, MDM2 .The peptides furthermore may for example be derived 
10 from peptides encoded by the genes disclosed in the documents WO9904265A2, 
WO0149716A2 WO0055633A2 and WO0142792A2, which shall be included by 
reference herein. In one embodiment of the invention a set of polypeptides may be 
used for the detection of antibodies. The set may be a combination of relevant 
peptides in solution, in cases, where information about the presence of 
15 immunological entities in general is sought. In contrast, when information about 
the presence or absence of particular peptides within a set of peptides is sought, 
the peptides may for example be tested each as a single, simultaneously ,n 
multiple testing reactions. Such experiments may for example be carried out in 
form of multi-well tests or using peptide arrays etc. 
20 The method for detection of disorders according to the present invention thus may 
employ the detection of immunological entities directed against one single peptide 
or the detection of a set of immunological entities. The use of a multiplicity of 
potential peptides raises the probability to detect the presence of a particular 
' disorder, and may furthermore give additional information useful in stratfflcation of 
25 a disorder, in monitoring the disease course or in assessment of prognosis 
concerning the disease course. 

Immunological entities as used in the context of the present invention shall comprise 
any components of the mammalian immune system, that are able to specifically 
react with an antigenic epitope. Such immunlogical entities may compnse for 
30 example antibodies, all immunoglobulins, such as e.g. IgG, IgM, IgA, IgE, IgD, 
specific CD8+ T-cells or specific T-helper cells. 
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Diagnosis as used in the context of the present invention may comprise determining 
the presence or absence and/or the level of specific immunological entities directed 
against particular tumor associated peptides in a sample, and assessing d.agnos.s 
from said presence or absence and/or level of immunological entities specifically 
5 directed against said tumor associated polypeptides. 

Based upon the determined presence or absence and/or the levels of 
immunological entities specifically directed against particular tumor associated 
peptides in the samples individuals can be subdivided into subgroups. The 
subgroups may be created according to scientific or clinical data, such as e.g. 
10 survival recurrence of disease, frequency of metastases etc., related to the 
presence or absence and/or levels of particular tumor associated peptides in 
samples of tissues affected with a particular disorder, of tissues being in quest.on 
of being affected with a particular disorder or of tissues at risk of being affected 
with a particular disorder. 
15 Based upon these subgroups an assessment of prognosis may be done. 
According to the subgroups the therapy of the individuals affected by the disorders 
(e.g. tumors) may be tailored. 

Monitoring may comprise detecting the presence or absence and/or the level of 
immunological entities specifically directed against tumor associated 

20 (poly)peptides in samples taken at different points in time and determ.mng the 
changes in said levels or presences or absences. According to said changes the 
course of the disease can be followed. E.g. the occurrence of immunological 
entities directed against tumor associated (polypeptides, that have not been 
present at an earlier time-point may be indicative of the progression of evolution of 

25 the affected tissue. The course of the disease may be used to select therapy 
strategies for the particular individual. 

Monitoring may also pertain to the monitoring of the therapeutic effect in the 
course of an immunotherapy according to the present invention'. 
Another aspect of diagnosis and monitoring of the disease course according to the 
30 present invention may comprise the detection of minimal residual disease. This 
may comprise for example the detection of presence and/or level of immunological 
entities specifically directed against said tumor associated (poly peptides, that 
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have not been present in earlier examinations in one or more body samples 
following initial therapy of an individual onoe or at several timepoints. Aocord.ng to 
the presence and/or level of immunological entities specifically directed against 
tumor associated polypeptides detected in the samples one may select a su.table 
5 therapyfor the particular individual. 

Furthermore the diagnosfic method may be carted out to detect disseminated tumor 
cells in biological samples as MRD diagnosis of minimal residual disease. For th,s 
purpose the detection of the level of immunological enlifies or the presence of 
immunological entities, specific for particular peptides, that have not been detected 
10 in prior examinations, may be performed. 

A sample according to the method of the present invention may comprise any 
sample comprising immunological entities as defined above. Samples may 
oomprise samples of clinical relevance, such as e.g. blood, serum, plasma, 
secretions, smears, body fluids, urine, semen, stool, sputum, bile, biopsies, oell- 
15 and tissue-samples. Biopsies as used in the context of the present invention may 
oomprise e.g. resection samples of tumors, tissue samples prepared by 
endoscopic means or needle biopsies of organs. 

Such samples may comprise for example intact cells, lysed cells or any liquids 
containing antibodies, immunoglobulins or cells specifically directed against tumor 

20 associated peptides. Even solids, to which cells, oell fragments or antigen bind.ng 
polypeptides, such as antibodies or immunoglobulins may adhere, or may be 
fixed may be samples according to the method disclosed herein. The method for 
detection of the level of the immunological entities according to the present 
invention is any method, which is suited to detect very small amounts of specific 

25 immunological entities in biological samples. The detection reaction according to 
the present invention is a detection either on the level of antibodies or on the level 
of cells specific for particular antigens. 

The compositions and methods according to the present invention may be applied 
to any eukaryotic organism exhibiting an immunologic defense system. The 
30 eukaryotic organisms are for example animals of agricultrual value such as pigs, 
cows sheep, etc., companion animals, such as cats, dogs, horses etc., animals 
employed in research purposes such as mice, rats, rabbits, hamsters etc. or 
humans. 
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The methods disclosed herein may be applied generally to proliferative disorders. 
Proliferative disorders according to the present invention comprise diseases 
characterized by abnormal growth properties of cells or tissues compared to the 
grow* properties of normal control cells or tissues. The growth of the cells or 
5 tissues may be for example abnormally accelerated, deceterated or may be 
regulated abnormally. Abnormal regulation as used above may comprise any form 
of presence or absence of non wild-type responses of the cells or tissues to 
naturally occuring growth regulating influences. The abnormalities in growth of the 
cells or tissues may be for example neoplastic or hyperplastic. 
0 In one embodiment the cell proliferative disorders are tumors. Tumors may 
comprise tumors of the head and the neck, tumors of the respiratory tract, tumors 
of the gastrointestinal tract, tumors of the urinary system, tumors of fhe 
reproductive system, tumors of the endocrine system, tumors of the central and 
peripheral nervous system, tumors of the skin and its appendages, tumors of the 
5 soft tissues and bones, tumors of the lymphopoietic and hematopoietic system 
etc Tumors may comprise for example neoplasms such as benign and mal.gnant 
tumors, carcinomas, sarcomas, leukemias, lymhomas or dysplasias. In a preferred 
embodiment the tumor is for example cancer of the of the head and the neck, 
cancer of the respiratory tract, cancer of the gastrointestinal tract, cancer of the 
,0 skin and its appendages, cancer of the central and peripheral nervous system, 
cancer of the urinary system, cancer of the reproductive system, cancer of he 
endocrine system, cancer of the soft tissues and bone, cancer of the 
hematopoietic and lymphopoietic system. 

In certain embodiments of the invention the carcinoma is cervical cancer, colon 
25 cancer, gastric cancer, breast cancer, bladder cancer, lung cancer etc. 

The detection may be carried out in solution or using reagents fixed to a solid 
phase. Solid phases may comprise beads of a variety of materials, such as eg. 
agarose, dextrane polymers, polystyrene, silica, etc. or surfaces of suitable 
materia such as e.g. polystyrene, glass, agarose, protein, dextran etc. coated 
30 surfaces etc.. The detection of one or more immunological entities, such as 
immunoglobulins or cells carrying specific antigen recognizing epitopes, w,th 
different antigen binding speificities may be performed in a single reaction mrxture 
or in two or more separate reaction mixtures. Alternatively the detedion reactions 
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for several immunological entities may for example be performed simultaneously 
in multi-well reaction vessels. 

The immunologics entities specifically recognizing particular tumor associated 
peptides may be detected using reagents that specifically recognise these 
5 immunological entities alone or in complex with their respective antigen (e.g 
antibodies), or reagents, that are specifically recognized by the immunological 
entities themselves (e.g. the antigen). In one embodiment the antigen may be 
fused to another polypeptide, so as to allow binding of the antigen by the 
immunological entity in question and simultaneously binding of the second part of 
10 the fusion protein by another (labelled) antibody for the detection. The detects 
reaction for the immunological entities may comprise one or mere reactions wrth 
detecting agents either recognizing the initial entities or recognizing the prior 
molecules used to recognize the immunological entities. 

The detection reaction further may comprise a reporter reaction indicating the 
15 presence or absence and/or the level of the immunological entities. The reporter 
reaction may be for example a reaction producing a coloured compound, a 
bioluminescence reaction, a ohemiluminescent reaction, a fluorescence reaction, 
generally a radiation emitting reaction etc.. The detection reactions may for 
example employ antibodies or binding reagents that are detectably labelled. 
20 Furthermore the binding of detection molecules to the entities in question may be 
detected by any measurable changes in physical or physical-chemical properties, 
such as changes in spectroscopic properties, in magnetic resonance properties 
etc Different immunological entities or immunological entities of different 
specificities may be recognized by different methods or agents. This may be due 
25 to difficulties in detection of several entities, or entities with particu.ar specifies 
by a particular method. An advantage of the use of different detection techniques 
for different immunological entities or for immunological entities with different 
specificities may for example be, that the different reporter signals referring to 
different immunological entities could be distinguished. 
30 Generally in a method according to the present invention the detection of different 
immulogical entities such as the detection of immunoglobulins and the detection of 
immunocompetent cells may be performed simultaneously. The detection may be 
e g performed simultaneously in one vessel or in different reaction containers or 
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samples. Furthermore the reaction according to the present invention may be 
performed sequentially one subsequent to the other. 

For all detection purposes optionally the original sample may be concentrated by 
any suitable means known to those of ordinary skill in the art. Furthermore steps 
5 may be involved to selectively extract immunological entities from the sample 
mixture such as affinity based purification techniques either employing specific 
antibodies or the respective antigen recognized by the entities in question. 
Applicable formats for the detection reaction according to the present invention 
may be, (reverse) blotting techniques, such as Western-Blot. The blottmg 
10 techniques are known to those of ordinary skill in the art and may be performed for 
example as eleotro-blots, semidry-blots, vacuum-blots or dot-blots. Furthermore 
immunological methods for detection of molecules may be applied, such as for 
example immunoprecipitation or immunological assays, such as ELISA, RIA, 
Elispot assay, lateral flow assays, immuno-cytochemical methods etc.. 
15 In one preferred embodiment of the invention the detection of the level of 
immunological entities specific for tumor associated peptides is carried out on the 
level of antibodies. This may be e.g. performed using the specific interaction 
between the respective tumor associated peptides with the antibodies. The 
determination of the presence or absence and/or the level of the antibod.es may 
20 for example be carried out with recombinantly produced tumor assocated 
peptides. The peptides can be used in many different detection techniques for 
example in westem-blot, ELISA or immuno-precipitation. In one embodiment the 
detection of antibodies is carried out as antibody capture assay (Antibodies A 
laboratory Manual, Harlow, Ed. et ai., Cold Spring Harbor Laboratory 1938). 
25 In another embodiment of the invention the detection of the specific antibodies is 
carried out using monoclonal or polyclonal antibodies specifically recognizing the 
antigen binding epitope of the first antibodies. For this purpose the above menfioned 
immunological detection procedures may be applied. In a further embodiment 
chimeric antigens may be employed in the detection reacUon. Such ch.menc 
30 antigens may for example comprise fusion proteins combining the antigenic epitope 
of a tumor associated polypeptide, recognized by the antibody in question, fused to 
another antigen, that may be recognized by a detection antibody. The particular 
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antigens witinin the chimeric polypeptide may be separated by a linker or spacer 
region. 

Any other method for determining the amount of particular antibodies or 
immunoglobulins in bioiogioal samples can be used according to the present 
5 invention. 

Generally the detection of the antibodies according to the present invention may 
be performed as well in vrtro as directly in situ for example in the course of an 
immuno-histochemical or immuno-cytochemical staining react.cn. 
Cells exhMng specificity for a particular antigen may be detected by any methods 
,0 suitable for that purpose known to those of ordinary skill in the art. Methods may 
for example eomprise-proliferation-assays, cytokine-ELISAs, ELISpot assays, 
intracellular FACS-staining, PCR-mediated identification of peptide-speomc 
cytokine (or similar) -expressing cells, tetramer-staining, cytotoxicity assays and 
DTH-(delayed type hypersensitivity) reactions. 
15 .n case of proliferation-assays induction of peptide-spechlc T-oell proliferation may 
be measured by methods known to those of skill in the art. This can be ach,eved 
by simple counting of cells, by measuring incorporation of labelled nucleotides into 
oellular DMA or by measuring level and/or activity of cellular protein(s). Cytok.ne- 
ELISA may comprise identification of peptide-specific oytokine-secreting cells by 
20 measuring cytokine levels in supernatant. In the course of an ELISpot assay 
the number of peptide-speoific cytokine (i.e. IFN-g)- secreting cells in a sample ,s 
determined. Similarly the intracellular FACS-staining identifies cytokine-express.ng 
cells on the protein level. In contrast (real-time) PCR may be used for identified 
of peptide-speoific cytokine (or similar) -expressing cells on the transcript level. In 
25 the course of a tetramer-staining assay the label is a tetramer-molecule of 
recombinant MHC-class I molecules, loaded wfih specific peptide and coupled to a 
dye The tetramer binds to the T-cell receptor. Cytotoxicity assays are a method 
for identification of cells, that can recognize and kill target cells in a peptide- 
speoifio manner. DTH-(delayed type hypersensitivity) reaction is based on the 
30 measuring of skin-reaction of vaccinated persons after intradermal (or sirmlar) 
application of peptide(s). 
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The method for me detection of immunological entities as disclosed herein may be 
performed for the purpose of mentoring in the course of immunotherapy 
treatments o, individuals. In this respect me presence or absence and or the level 
of antibodies directed against an inventive peptide in an individual ,s determine^ 

5 The determination of the leve! may be performed using the mefnods as se forth 
above. The detection may be performed at several consecutive points in time as o 
monitor the timely alteration of the level of the immunological entities. The 
determination may for example be performed daily, weekly, monthly, once a year, 
or in once in a decade or at any interval in between. 

10 Another aspect of the present invention is a testing kit for performing the method 
according to the present invention. The kit may be for example a d,agnost,c k,t or a 
research kit. 

A kit according to the present invention comprises at least an agent suitable for 
detecting the immunological entities according to the method disclosed here,n. 
15 Furthermore a kit according to present invention may compnse: 

a) reagents for the detection of the anybodies or cells specifically recognizing 
antigens. 

b) reagents and buffers commonly used for carrying out the detection reactions as 
described herein, such as buffers, detection-markers, carrier substances and 

20 others 

c) a sample for carrying out a positive control reaction, that may comprise an 
antigen or a set of antigens, to which all members of a target population o, 
individuals have antibodies. 

The reagent for the detection of the antibodies or cells specific^ recognizing 
25 antigens may include any agent capable of binding to the antibodies or ce s 
specfficaily recognizing antigens. Such reagents may ,ndude p ote n , 
polypeptides, nucleic acids, pep«de nucleic acids, glycoproteins, proteoglycans, 
polysaccharids or lipids. 

The sample for carrying out a positive control may comprise for example an 
30 antigenic peptide or a set of antigenic peptides. Suitable antigens may , ncU.de 
antigens, against which a wide percentage of the population has an boctie. 
Examples of such antigens may for example comprise antigens present ,n lysed E. 
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coli cells, tetanus antigen, the viral capsid anflgen of the Epstein-Barr virus, 
antigens derived from matrix proteins of Haemophiius influenzae. The anhgens 
may for example be used as a mixture to ensure, that a particular mdMdua, 
actually displays a positive reaction. 

5 In a preferred embodiment of the invention the detection of the immunological 
entities directed against particular tumor associated polypeptides is carried ou on 
the level of antibodies. In this embodiment the binding agent may be for example a 
tumor associated polypeptide or a fragment thereof, recognized by the respective 
antibody, or a fusion polypeptide comprising said polypeptide or a fragmen 

10 thereof. Furthermore the binding agent may comprise an antibody or a fragment 
thereof specific for the antibody in question, for the complex of the antibody wrth 
the respective tumor associated polypeptide or for an antigenic epitope fused to 
the polypeptide. 

,n an other embodiment of the test kit the detection of the immunological entities is 
16 carried out on the level of ceils specifically recognizing tumor associated 
polypeptides. In this embodiment of the invention the reagent for me detection 
may be for example a tumor associated polypeptide or a fragment thereof, 
recognized by the respective antibody or T-cell receptor, or a fusion po.ypept.de 
coring said tumor associated polypepflde or a fragment thereof, furthermore 
20 the binding agent may comprise an antibody or a fragment thereof specf.c for the 
antibody in question, for the complex of the antibody with the respechve 
polypeptide or for an antigenic epitope fused to the polypeptide. 
The tumor associated peptides disclosed herein may be used in vaccines, that 
may comprise one or more tumor associated polypeptides as disclosed here.n and 
25 may comprise optionally one or more further tumor associated peptides. 

According to the present invention tumor associated polypeptides that comprise an 
immunogenic portion may be used for immunotherapy for the treatment of cancer, 
immunotherapy may be broadly classified into either active or passive 
immunotherapy. In active immunotherapy, treatment relies on the ,n v,vo 
30 stimulation of the endogenous host immune system to react against tumours With 
the administration of immune response-modifying agents (for example, tumour 
vaccines, bacterial adjuvants, and/or cytokines). A patient may be afflicted wrth 
disease, or may be free of detectable disease. Accordingly, the compounds 
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disclosed herein may be used to treat cancer or to inhibit the development of 
cancer. The compounds are preferably administered either prior to or foiling 
primary treatment of tumours such as surgical removal of the tumours, treatment 
by administration of radiotherapy and/or conventional chemotherapeufc drugs or 
5 any other mode of treatment of the respective cancer or its precursors. 

,n passive immunotherapy, treatment involves the delivery of biologic reagents 
wKh established tumour-immune realty (such as effector cells or ant.bod.es) 
mat can directiy or indiredly mediate antitumor effects and does not necessanly 
depend on an intact host immune system. Examples of effector cells include T 
10 lymphocytes (for example, CD8 + cytotoxic T-lymphocytes, CD4 + T-heper. 
tumour-infiltrating lymphocytea), killer cells (such as Natural K,ller cells, 
lymphokine-activated killer cells), B cells, or antigen presenting cells (such as 
dendritic cells and macrophages) expressing the disclosed antigens. The 
polypeptides disclosed herein may also be used to generate antibodies or ant. 
15 idiotypic antibodies (aa in U.S. Pat. No. 4,918,164), for passive immunotherapy. 
The predominant method of procuring adequate numbers of T-oells for adoptive 
transfer immunotherapy is to grow immune T-ceHs in vitro. Culture conditions for 
expanding single antigen-specific T-ce„s to several billion in number v* retent.cn 
of antigen recognition in vivo are well known in the art. These in vKro culture 
20 conditions typically utilize intermittent stimulation with antigen, often ,n the 
presence of cytokines, such as IL-2, and non-dividing feeder cells. As noted 
above the immunoreactive polypeptides described herein may be used to rap.dly 
expand antigen-specific T cell cultures in order to generate sufficient number of 
cells for immunotherapy. In particular, antigen-presenting ce.ls, such as dendritic-, 
25 macrophage- or B-cells, may be pulsed with immunoreactive polypeptides or 
transfected with a nucleicacid sequence^), using standard techniques well known 
in the art. For example, antigen presenting cells may be transfected with e nucle.c 
acid sequence, wherein said sequence contains a promoter region appropnate for 
increasing expression, and can be expressed as part of a recombinant virus or 
30 other expression system. For cultured T-oells to be effective in therapy, the 
cultured T-cells must be able to grow and distribute widely and to surv.ve long 
term in vivo. Studies have demonstrated that cultured T-celis can be induced to 
grow in vivo and to survive long term in substantial numbers by repeated 
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stimulation with amigen augmented with IL-2 (see, for example, Cheever, M„ et 
a I , Therapy With Cultured T Cells: Principles Revisited," Immunoiog.ca, Rev,ews, 
157:177,1997). 

According to the present invention sets of one or more tumor associated 
5 ^peptides may be employed to generate and/or iso,ate tumour-reactwe T-ce,.s, 
wl^n" en e administered to the patient, in one technique, anti g en-spec,f,c 
T oe Tnes may be generated by in vivo immunization with short pe P t,des 

o£zr* ° f the disc,osed po,ypeptides - ; 

"g anien specific CD8 + CTL or CD4 + T-he,per cells clones may be 
10 "oTjted from the patient, expanded using standard tissue culture techn,ues. and 
returned to the patient. 

A.ternafively, peptides correspond to immunogenic portions - 
of the invention may be employed to generate tumour reacfve T-cell ubsets by 
selective in vitro Emulation and expansion of autoiogous T-ce,,s to prov.de 
. rZ specmc T-ceUs which may be subsequently — fe «m as 
described, for exampie, by Chang et al. (Crtt. Rev. Oncol. Hemat I 22 (3^2 3^ 
t 996) Cells o, the immune system, such as T-cei,s, may be ,so.a fed from the 
peripheral blood of a patient, using a commercially available cell separa on 
svstem uch as CellPro incorporated^ (Bothell, Wash, CEPRATE.TM. sys em 
20 (se US Pat No. 5,240,856; U.S. Pat. No. 5,216,926; WO 89/06280; WO 
£,16116 and WO 92,07243, The separated cells are stimulated with one or more 
of the immunoreactive polypeptides contained within a delivery veh,c,e, such as a 
Irosphere, to provide anti g en-s P eci,ic T-ce„s. The population - ™ « 
specific T-ce.is is then expanded using standard techniques and the cells 
25 administered back to the patient. 

,n another embodiment, T-cell receptors and/or antibodies specific for the 
po.ypep.ides can be cloned, expanded, and transferred into other vectors or 
effector cells for use in adoptive immunotherapy. 

■ n a further embodiment, syngeneic or autologous dendritic cells may be pulsed 
30 with peptides corresponding to at least an immunogenic portion of a polypept e 
disclosed herein. The resuming antigen-expressing and/or presents den nt c 
el .ay either be transferred into a patient, or employed to stimulate Toe s to 
pi ide ntigen-specific T-ce„s which may, In turn, be administered to a patent. 
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The use of peptide-pulsed dendritic cells to generate antigen-specific T-ceils and 
the subsequent use of such an« g en -specific T-ce„s to eradicate tumours ,n a 
mU nne mode, has been demonstrated by Cheever et a., (immuno.og.ca. Rev.ews, 
157:177,1997). 

5 Mono*- antibodies directed a 9 ains, tumor associated °" 
cellular membranes may according to the present ,nvent,on 
therapeutic compounds in order to diminish or eliminate tumours. Th ant.bod.e 
may be used on tbeir own (for instance, to inhM metastases) or coupled to one or 
Je therapeutic agents. Suitabie a 9 ents in this regard £ 
,0 different inducers, drugs, toxins, and derives . he oof. Prefer^ 
radicnuciides include 90Y, 123!, 125,, 131,, 186Re, 188Re, 211At, 
Preferred drugs include methotrexate, and pyridine and punne analogs^ 
ZZ differentiation inducers include phorbol esters and butyric acid. Preferred 

15 exotoxin, Shigella toxin, and pokeweed antiviral protein. 

Pharmaceuncal composes usefu, in immune-therapy according to the present 
invention may comprise a set of one or more tumor associated polypeptdes o 
variant, thereof), and a physiologically acceptab.e carrier. The P"-— 
oomposition may for example comprise one or more o, the ,nvent,ve p de 
20 derived from tumor associated proteins. In one embodiment of the present 
invention the pharmaceutical composition may additionally comprise one or more 
furt her peptides derived from other proteins, which show non-wild type express on 
S tumors Such proteins may for example be cel, cycle regulatory prote.ns, 
proteases, such as metallo-proteinases, signal transduction molecules, receptors, 
25 etc in one embodiment the additional peptides are derived from cel. cycle 
Tgulatory proteins such as P 13,5, P 14. P 15. P 16, pi.. P 21, P 27, pOJRb protein, 
oseopontine, grp, renal dipeptidase, idt, mcm5, mom2, cdc6, MDM2 et. The 
peptides disclosed herein may be used in combination of one or more further 
peptides associated with cancer. 
30 Examples for peptides, that are associated with cancer are disclosed in 
WO9904265A2, WO0149716A2, WO0055633A2 and WO0142792A2, wh,ch 
documents shall be incorporated herein by reference. One or more of the pepfdes 
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disclosed in this documents may be used for therapeutic and or diagnostic 
purposes in combination with one or more peptides disclosed here.n. 
The vaccines may additionally comprise a non-spe* immune-response 
enhancer, wherein the non-specific immune response enhancer ,s capable o 
5 eliciflng or enhancing an immune response to an exogenous antigen. Examptes of 
non-specmc-immune response enhancers include adiuvants, b.odegradabte 
microspheres (e.g., polyiactic gaiactide) and .iposomes (into wnich the polypeptide 
is incorporated). Pharmaceutical compositions and vaccines may also conta.n 
other epitopes of tumour antigens, either incorporated into a fusion prote.n or 
10 present within a separate polypeptide. 

,n one embodiment of the invention the pharmaceutical composition for use in 
immunotherapy may comprise further immunogenic molecules, which are known 
to effectively eilci, immune responses. By this way the immune response to the 
target molecu.es may be enhanced as described in: Benoit, J, et al T cell 
15 Jned tumor antigens", Current Opinion in immunology , 1 997, 684-693 an 
Markwin P., et. al., "Identification o, Peptides for Immunotherapy of Cancer. It is 
still worth the effort", Critical Reviews in immunology. 18, 1998, 7-27. Both crted 
articles shall be included here within by reference. 

Alternatively, a pharmaceutical composition or vaccine suitable for immunotherapy 
2 0 according to the present invention may contain nucleic acids, that code for erne 
more tumor associated polypeptides according to the present ,nvention. Nude.c 
acids may for example include single-stranded (sense or antisense or doub^ 
stranded molecules, and may be DNA (genomic, cDNA or synthetic) or RNA RNA 
molecules comprise as we,, HnRNA (containing introns) as mRNA (not conta.ning 
25 introns). According to the present invention the polynucleotides may aiso be linked 
to any other molecules, such as support materials or detection marker molecules, 
and may, but need not, contain additional coding or non-coding sequences The 
nucleic acid may be administered in a way that ailows the polypeptides to be 
generated in situ. Suitable expression systems are known to those skilled ,n the 
30 art The expression of the poiypeptides may for example be persistent or transient 
in pharmaceutical compositions and/or vaccines, providing for in-situ expression of 
polypeptides, the nucleic acids may be present within any suitable delivery system 
known to those of ordinary skill in the art, including nucleic acid express.on 
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systems, bacteria and viral expression systems. Appropriate nucleic acid 
expression systems comprise the necessary regu.atory nucleic acid sequences for 
expression in the patient, such as suitable promoters, terminators etc.. 
Bacteria, delivery systems may for example employ the administration of a 
5 bacterium that expresses an epitope of a cel. antigen on its eel, surface. In a 
preferred embodiment, the nucleic acid ma, be Introduced using a v,ral expression 
system such as e.g., vaccinia virus, retrowus, or adenovirus, which may involve 
, he use of a non-pathogenic, replication competent virus. Suitable systems are 
Known to those of ordinary skill in the art and are disclosed, for example, in Bshe, 
10 Hoch et a,., PNAS 86:317-3*, 1989; Plexner et a,., Ann. N.Y. Acad Sc. 589 6- 
103 1 989; Flexner et a.., Vaccine 8:17-21, 1990; U.S. Pat. Nos. 4,603.112, 
4 769,330, and 8,017,487; WO 89/01973; U.S. Pat. No. 4,777,127; GB 2.200.65 ; 
EP 0 345 242- WO 91/02805; Berkner. Biotechniques 6.616-627, 1988; Rosenfeld 
eta,.'. Science 252:431-434, 1991; Kolls et a,., PNAS 91:215-219 1994; Kass- 
15 Eister et al , PNAS 90:11498-11502, 1993; Guzman et al„ Circu,at,on 88:2838- 
2848, 1993; and Guzman et a,., Cir. Res. 73:1 202-1207, 1993. 
,n another embodiment transgenic mammalian cells may be used for delivery 
and/or expression of the nucleic acids. The methods for producing nucleic acd 
constructs suitable for in-situ expression of polypeptides are known to those of stall 
20 in the .art. 

Furthermore the nucleic acid may be administered as naked nucleic acids. In this 
case appropriate physical delivery systems, which enhance the uptake of nucleic 
acid may be employed, such as coating the nucleic acid onto biodegradable 
beads which are efficiently transported into the cells. Administration of naked 
25 nucleic acids may for example be useful for the purpose of transient expression 
within a host or host cell. 

The pharmaceutical compositions used for immunotherapy according to the 
present invention may be administered by any suitable way known to those of skill 
in the art. The administration may for example comprise injection, such as e.g. 
30 intracutaneous, intramuscular, intravenous or subcutaneous injection, intranasal 
administration for example by aspiration or oral administration. A suitable dosage 
,o ensure the pharmaceutical benefit of the treatment should be chosen according 
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t0 the parameters, such as age, sex, body weigh, eto. of the patient, known to 
those of skill in the art. 

The type of carrier to be employed in the pharmaceutics, compositions of this 
Ivention, wii. vary depending on the mode of administrate For parentera, 
5 a «t ra «on, such as subcutaneous injection, the carrier preferably compnses 
111, saiine, aicohoi, a iipid, a wax and,or a buffer. For ora, administrafcon, any* 
Z above carriers or a soiid carrier, such as mannHol, iactose, starch, magnes urn 
Lrate, sodium saccharine, taicum, ceiiuiose, g.ucose, sucrose, and/or 
m agnesiu m carbonate, may be empioyed. Biodegradabie microspheres 
10 po, ,act, giycoiide) may aiso be empioyed as carders for the P*-— 
compositions of this invention. Suitabie biodegradabie microspheres are d.soiosed 
or exampie, in U.S. Pat. Nos. 4,897,268 and 5.075.109. Any of a vanety of 
lune-r sponse enhance, may be empioyed in the vaccines of th,s — 
For exampie an adiuvan, may be inciuded. Most adjuvants conta.n a substance 
IB denned to protect the antigen from rapid cataboiism, such as alum,num 
h oxide or rninera, oil, and a nonspedf.c stimulator of immune response, su* 
aliipid A Bordeteila pertussis or Mycobacterium tubercu.osis. Such adjuvants are 
leroaiiy available as, for example, Freund, Incomplete Adjuvant and 
Complete Adjuvant (Difco Laboratories, Detroit, Mich, and Merck Adjuvant 85 
20 (Merck and Company, Inc., Rahway, N.J.). 

Th e pharmaceutic, compositions or immuno-therapeutic methods according to 
the p esen, invention may be used for the treatment of degenerate 
cancers For example the compositions and methods may be employed ,n he 
therapy o, diagnosed cancers in order to eliminate the tumour celis from he 
25 affected organism. As we,, primary tumours as metastases or d,ssem,na ed 
tumour oells within an organism may be targets to the me raP eutic compounds and 

methods disclosed herein. 

Furthermore the compositions and methods of the invention may be employed in 
the treatment of pre-neoplastic condioons. In this case the pre-neoplastc cells or 
30 tissues may be directJy addressed by the 

methods, or may be hindered from evolving into neoplastto or dyspla t,o 
conditions. For example in this case the pre-neoplastic condition may be treated 
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preventively. By the vaccination the immune response may be elictted, so that 
emerging neoplasms may be destroyed. 

The methods and composes according to the present invention may also be 
Ise d for the prevention and therapy o, tumors. For this purpose a vaccnabon of a 
5 popuiation of organisms or of subgroups o, said population may be performed. 
The subgroups may be built by suitable parameters such as he ed tary 
predisposition for the emergence of degenerative disorders, exposure to factors, 
that increase the risk of being affected by said disorders etc. 
The present invention provides compositions and methods for enhanced detection 
,0 and reatmen. of tumors. The invention provides pepides derived from prote.ns, 
sh w ng an altered expression in association with tumor, These P ept,des may 
Zs be employed as a preventive vaccine, immuno-therapeutic agents ^ agams 
laid dis orders or may serve as diagnostic tools. Furthermore the ,nven on iso 
provides sets of (poly)peptides useful for the treatment of particular types of 
„ d sorders. The use of sets of tumor associated poiypeptides for the .mmuno. 
therapy according to the present invention provides the means for a 
treatment of tumors reducing the risk of escape of severe, tumour ceHs or ofa 
population of tumour cells from being addressed by the tberapy. Thus the method 
^f the invention reduces the risk of recurrence o, tumours a«er — 
20 empioying CTLs, T-helper cells and possibly specif, antibody producng B-cells 
raised against tumor associated polypeptides characteristic for tumour celis. 
The INK4a gene locus as used in the context of the present inven«on is located on 
I ;lom 9 e 9P2 1. The iocus is alternatively nominated e, the INK4a/ARF locus 
CDKN2A gene, the MTS1 locus. The gene locus dealt with herein ,s that gene 
25 Tocus that in one aspect encodes the gene product P 16,NK4a protein, hut ,s also 
known to encode for other gene product in alternative reading frames. 
An gene product useful according to the present invention may be any mofecule 
transcribed from a gene or any molecule translated from such a t^scnpt. Thus 
gene product as used in the context of the present invention may compnse 
30 polynuc.eo.ides such as e.g. DMA or RNA and polypeptides such as prote, s 
proteoglycans, peptides etc. Expression product as used in the context of the 
present invention shall comprise any transcript of a gene locus in forward or reverse 
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direction including any reading fra.es, splicing variants. Express^ pr^ucts as 
U sed herein sha,l thus comprise any attemative products encoded by the nucle,c 
acids of a particular gene locus. 

,n one embodiment of the invention the cel. cycle reguiatory proteins are encoded 
5 b y the INK4a gene. The cei, cycie regulatory proteins as disclosed herein comprise 
any proteins encoded by alternative reading frames, arising from alternative 
or usage of a.temative promoter sequences of said gene. In one embodiment of the 
present invention the proteins exhibit mo.ecular weights of about 5 to 40 kDa or any 
value in between and preferably of about 10 to 20 kDa or any value in between and 
10 most preferably of about 14 to about 19 kDa or any value in between respecfively. 
Discrimination as used in the context of the present invention shall comprise an 
assessment whether a sample is to be classified in one or another way. In a 
preferred embodiment of the Invention the discrimination pertains to the assessment 
of a tissue or components thereof being neoplastic or being metaplastic. Thus the 
15 discrimination as used herein is a judgement about the growth properties of cells ,n 
a sample. 

Neoplastic as used in the context of the present invention shall refer to dysplasias 
from mild to severe dysplasias and their precursory stages, as we as carcinoma 
such as carcinomas in situ or invasive carcinomas and dissem.nated 
20 Neoplastic as used herein shal comprise early and precursor stages * 
and carcinomas. Metapiasia according to the method disciosed here.n sha„ 
a state during the differentiation of cells being intermediate between two 
differentiated states. 

The discrimination according to the present invention is based on the presence or 
25 absence of cells expressing P 14ARF and on the presence or absence of celfe 
overexposing P 16INK4a in said sampie. The ceils expressing P 14ARF need not to 
be the same cells as those overexposing P 16INK4a although the express^ of 
both marker molecules may occur in the same cells. 

Thus the presence of ceils expressing P 14ARF gene-products in a sample 
30 simultaneously with the presence of cells overexposing P 16INK4a (other cetis or 
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me same crib, oppressing both markers) according to the present invention 
serves to discriminate neoplastic or preneoplastic lesions from metaplas,as. 
INK4a encoded gene-products as used in the context of the present invention shall 
be any mRNA transcribed from the INK4a gene locus or any peptide translated 
5 from such an mRNA. INK4a gene-products suitable for the method accord,ng to the 
present invention are gene-products such as e.g. P 16INK4a and P 14ARF. 
The method for detection of the level of the lNK4a encoded gene-products 
according to the present invention is any method, which may (but need not) be e.g. 
suited to detect even very small amounts of specific biological molecules ,n 
10 biologicai samples. The detection reaction according to the present invention ,s a 
detection either on the level of nucleic acids or on the level of polypeptides. 
The INK43 gene-products may be detected using reagents that specifically 
recognise theae molecules. The detection reaction for the INK4a gene-products 
may comprise one or more reactions with detecting agents either recogmzmg the 
15 initial marker molecules or recognizing the prior molecules used to recogmze other 
molecules. 

The detection of the different gene products may be performed in one reaction 
vessel or containment Or in different containments s^ultaneously or subsequently 
in time Thus the different gene products may be detected simultaneously in one cell 
20 coexpressfcg both products. Otherwise cell coexpressing the gene products may be 
used for separated detection reaction (separated in space or in time) to detect each 
a single ma-Her in the cells. In another embodiment mere might be 
one or the other marker. The detection of the marker molecules in the drfferent cells 
may as well be performed simultaneously or separately in time and/or space. 

25 The detector, reaction further may comprise a reporter reaction indicating the 
presence or absence end/or the level of the INK4a gene-products. The reporter 
reaction may be for example a reaction producing a coloured compound^ a 
biOurainescence reaction, a fluorescence reaction, generally a relation em,«ting 
reaction etc.. 
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ln a preferred embodiment, different marker molecules may be recognized by 
gents that produoe dffferent reporter signais, so thatthe signais refemng to marker 
reels could be dis*guished. In one preferred embodiment of tbe .nvenffon the 
Lotion of the expression of the two or more INK4a gene^roducts . earned ou 
5 Tut neousiy. in this case the reporter reaeffon may for example empioy dffferent 
fluorescent labels for the different molecules detected. 

Applicable formats for the detec«on reacUon according to the present invention may 
ratting techniques, such as Westem-Blot, Southern-blot, Northern-blot. The 
« techniques are Known to those of ordinary skill in the art and may J 
,0 performed for example as eleoffo-b.ots, semidry-blots, vacuum- lots or dot-blot. 
Lplification reaction may a,so be applicable for the deteeffon of e.g. nucle,c acd 
molecules. 

, n one preferred embodiment o, the invention the detection of the level of ,NK4a 
" T-plucts is carried out by detection of the respeeffve mRNA or fragme ts 
« Z« present in the sample. The means for deteeffon of nucleic acd molecule 
^Knol to those skilled in the art. The procedure for the detection of nuc.e,c ac d 

Z tor example be carried out by a binding reaction of the molecule to bedewed 
t0 complementary nucleic acid pro.es. proteins w*h binding speeff^ r » 
nuoieic acids or any other entities speciflcally recognizing and bmd.ng to sa,d 
20 nucleic acids. 

Probes as used in the context of the present invention may be any agent binding 
pecificaily to a molcuie. In the case of nucleic acids a probe may be a 
oEuolde hybridising to a particular sequence. In one embodiment the probe 
may be e.g. a primer. 

25 This method can be performed as well in vitro as directly in situ for example in the 

n a sampie performed in the method according to the present — n an 
LpliffcatL Lcffon of nucleic acids, v,ich can be carded out in a quan = 
manner such as for example the polymerase chain reaeffon. In a prefer ed 
30 embodiment ofthe present invention real time RT PCR may be used to quantify the 
level of lNK4a mRNAs in samples of tumors. 
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,n another preferred embodiment of the invention the detection of the .eve, of 1N K4a 
' e e-produots is canied ou, by determining the ievei of expression o a prote,n The 
^nation of the INK4a gene-product on the protein ieve. can for ^examp. he 
lied out in a reaction comprising a binding agent spec,, for the detects of the 
5 particular INK4a polypeptide. 

The binding agents can be used in many different detection techniques for example 
Zel J EUSAor immuno-precipitation. G enera„y polypeptide bind.ng agen 
ba Ied detect can be carried out as we,, in *o as directly in situ for exarn^ 
th e course of an immuno-cytochernica, staining reaction. Any other me*od for 
„ Lining the amount of particular polypeptides in oiologica, samples can be used 
according to the present invention. 

Binding agents as used in the context of the present invention for the detection of 
^ 1 If INK4a polypeptides such as Pl 6, N K4a or p14ARF 
comprise antibodies and antigen-binding fragments, Afunctional hybnd an„bod,es, 
,5 peptidomimetics containing minimal antigen-binding epitopes etc. 

An antibody or antigen-binding agent is said to react specific* if * reacts a, a 
allble evel with a protein disclosed herein, and does not significant react 
o^e proteins. The anybodies according to the present invent™ may be 
lo ell or polyclonal antibodies. As used herein, the term an, o y o 
,0 monoclonal antibody is meant to include intact molecules as ^ - 

figments. Moreover, antibodies of the present invention include ch,menc, smgle 
chain, and humanized antibodies. 

According to the present invention binding agents may be used isolated or in 
com bt on. By means of combination i, is possibie to achieve a higher degree of 
25 e^vl The term antibody, preferably, relates to antibodies which cons,s 
assent^ of poo,ed monoclonal antibodies w*h different epitopic species, as 
well as distinct monoclonal antibody preparations. 

Monoclonal antibodies are made from antigen containing foments of the 
polypeptide of the invention using any of a variety of techniques Known to those of 
30 ord nary sKil, in the art; see, e.g., Harlow and Lane, An«bod,es: A Laboratory 



PCT/EP2003/050318 

WO 2004/013631 

38 

Ma „ Ual , Cold Spring Harbor Laboratory. 1988. >n one «* 
immunogen comprising the antigenic poiypeptide or a ^ me. * 

initially injected into any of a wide variety of mammate (e.g., rn.ce, rate, rabbrts 
lp and goats,. In this stop, trie polypeptides of this invention may serve as trie 
5 lunogen without modification. Alternate, particuiarty for re,a very s ort 
o^pep des, a superior immune response may be e.lcKed if trie polypep e * 
to a carrier protein, sucri as bovine serum albumin or Keyhole hmpet 
The imlnogen is in je oted into the anima, host, preferatMy according 
"predetermined scheduie incorporating one or more booster im.un.za bons. 
,0 he animals are bied periodically. Polyciona, antibodies specific for the polypeptide 
Tay then be puritied from sucri antisera by, for exampie, affinity criromatograpriy 
using the polypeptide coupled to a suitable solid support. 

Trie INK4a gene-products may according to the present invention be detected 
imultaneousl In this context simultaneous* according to the presen — 
,5 shall mean either literally at the same instant or within the same testing procedure, 
whereby the single detection steps are temporarily conserve. 
A sample according to the method of the present invention may comprise any 
Sample comprising cells of anogenital origin. Samples may compnse e.g. 
secretions, smears, body fluids, and cell-samples. 
20 in one embodiment of the present invention samples comprise cells of the uterine 
I! ,n . preferred embodiment of the present invention the samp, , o f = 
cells may be prepared according to a classical Pap smear. In a further preferred 
rllent of trie present invention the sample may be prepared as a monolayer 
or thin layer preparation of the cytological specimen. 
25 Preparation of a sample may comprise e.g. obtaining a sample of a tissue, of a body 
Ld of ceils from a patient According to the present invention preparation o tine 
sample may also comprise several steps of further preparations of trie sample^ such 
Z p epara on of dissections, spreading or applying the cetis to be exam.ned onto 
mi c scopic slides, preparation of tissue arrays, isolation of polypeptides or 
30 Zs preparation of solid phase flxed peptides or nucleic acids or preparation of 
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bead s, cranes or slides to which the molecules to be determined are ooupied 
covalently or non-covalently. 

The neoplastic iesions to which the method according to the Resent invention may 
2 appL comprise any anogenKal lesion, which is charactered by •» 
oLXression of INK4a gene produc*. .n one preferred embod.ment of the 
presentation the anogenita, lesion isalesion of the uterine carv,x. 
Another aspect o, the present invendon is a testing * for periorm.g the method 
according to the present invenfa, The kit may be for example a diagnose 
research kit. 

A Kit according to the present invention comprises at least an agent suitable for 

detecting the INK4a gene-products. 

Thus a kit according to present invention may comprise: 

a) reagents for the detection of the INK4a gene-products 

b) reagents and buffers commoniy used for carrying out the detection reaction, such 
as buffers, detection-markers, carrier substances and others 

o) INK4a gene product samples for canying out a positive control reaction 

The reagents for the detection of the INK4a gene-products may include any agent 

capabl of binding to the lNK4a gene-products. Such reagents may m lude 

««■ -* — -* 9,ycoprote,ns ' 

proteoglycans, polysaccharids or lipids. 

The lNK4a gene-product samples for carrying ou, a positive control may comprise 
for eZ-e nucleic ackds in applicable form, such as solution or salt, peptides ,n 
applicable form, tissue section samples or positive cells. 

,n a preferred embodiment of the invention the detection of the INK4a gene- 
prol ^ carried out on the ieve, of polypeptides. In this embodiment the binding 
"I Z: I - example antibodies spec.0 for the INK4a gene-products or 
fragments thereof. 
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======= 

complementary to said lNK4a nucleic acids, 
products. 

H«, to be solved was to provide a method for discrimination between 
further information for the identification of metaplastio cells. 

Furt hermore the present invention provides a Kit for performing the method 
according to the present invention. 
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Brief description of the drawings 

Fiaure 1- Cervix uteri, metaplastic area, the specimen has been subjected to an 
I no— staining mac«on directed against P"-^ "~ 
focal posiove staining for P 16,NK4a;for experimental deta,is sea Example 1 

Fiaure 2- Cervix uteri, metapiastic area; the specimen has been subjected to an 
ii:— , staining reaction directed against p14A RF ; - F.oure shows 
negative staining for p14ARF; for experimentai details see Example 
Fiaure * Cervix uteri, dysplastic area (CIN Hi); the specimen has been subjected to 
a —lica, staining reaction directed against p16, N K4a; the figure shows 
dZ positive staining for P 16,NK4a; for experimental details see Example 1 

Fiaure 4- Cervix uteri, dysplastic area (CM Hi); the specimen has been subjected to 
J rlo^ica, staling reason directed against P 14ARF; the ngure shows 
po JL„ u c le arstainingforp14AR F ;for experimental detai. see ExampM 

Figure 5- Cytological specimen of the cervix uteri containing dysplastic area (CIN 
; e speoimen has been subjected to an seguentia, i— he m- » 
fining .action employing angles directed ageing AR Fa d ^ 

fl9 ure shows pos.ve nuclear ~ * ^lp---- ««-* 
cytoplasmatic and nuclear staining for p16 in red, e p 

Example 6. 

The follow examples are given for the purpose * ^ 

prepays. The histological examples aid to judge whett,er he ste,ned ^e 

\r .h. other way are to be classified as neoplastic or metaplastic. The methods 
one or* other way a. ^ ^ ^ ^ ^ 
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Examp. e 1: Immunochemical detection of the overexp.ess.on of p16.NK4a 
and p14ARF in samples of the uterine cervix 



Seotions of form* fixed, paraffin embedded tissue 

| mm unocytochernical.y stained using antibodies specificfor P 16INK4a and P 14ARF. 

The sections were rehydrated through incubation in xylene and graded ^*«- 

transferred to Aqua bides,. Antigen Retrieval was carried out wth 10mM c * 

Se" PH 6.0 ) tor P ie, N K4a. Therefore the siides were heated 

40 min at 95 -C For ,e * 

98°C for 20min. The slides were cooled down to RT tor 2U mmu 

washing buffer ( PBS / 0.1% Tween20 ) and finally the fissue sections were 

surrounded with a lipid-pencil . 

For inactivation of endogenous peroxidase the samp.es are i»Ned - , 3% 
H2C2 for 20 min at RT and afterwards washed in PBS / 0.1% TweenZO for 5 to 10 
min. 

The slides were then incubated with the primary antibody, mouse anti-human 
p16lN K4aantibody(1:25,for 30 min at RT.the siides were then rinse «^ 

the specimen was covered with 100pl of visualization reagent for 30 mm RT. 
«n washed as before, and covered wfih 200 pi substrate-ohromogen 
In (DAB) for 10 min. T.en siides were washed as be f ore and — ,ed 
for 3 min in a bath of hematoxylin. Residual hematoxylin was nnsed wrth des, led 
water and specimens were mounted and covered with an agueous mounting 
medium. 

; Staining with tine mouse anti-human P 14ARP antibody was done as described 
before, except the antibody dilution was 1:100 and me incubation time was 1 h at 
RT. 
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The microscopic examination of the siides reveals, that ceiis immunoreactive with 
p ,NK4a togetoer with celfe immunoreactive with p14ARF prote,n can only e 
Cd in samp.es, that may microscopical* be identified as samples of neoplastic 
I ions Cells sto ned by the p16,MK4a specific reaction, that are originate from 
;r P a" - not stained by the reacts specific for the 
Ilccpic inspection of the p14ARF stained siides shows, that » 
are not immunoreactive with the antibodies directed against pUARF prote- 
Samples containing dysplasfic tissue areas in contrast comprises, the are 
Imunoreaotiva with P 14AR F and those immunoreactive antibodies ducted 
against p16.NK4a. So in contrast to dysplasias in metaplasias no cells may be 
stained using the p14ARF specific antibody. 

The results show, that the staining with reagents specific for p14ARF allows to 
discriminate p16INK4a overexposing metaplasias from dysplasia. 



Example 2. Detection o. ce.ls expressing P 14ARF or P 16. N K4a in samp.es of 
the uterine cervix by in situ hybridization 

Smears of the uterine cervix can be semi-quantitativeiy analysed <°~ R ^ 
I P16.NK43 and P14ARF in an in-situ staining reaction. The staining reaction >s 
performed as follows: 

F or rehydration the spray-fixed smears are incubated in fresh 50% BOH on a 
rocking device. The PEG film produced by the fixation procedure is removed by 
« rinsing. Following the smears are rinsed in ao.ua bidest T. sm = 

are transferred to washing buffer ( PBS / ,wee ' 

containing the cells was surrounded with a lipid-pencil. 

The hybridation mixture is prepared by mixing 50 pi of ready to use hybridizafion 
buf fer (DAKO A/S, Giostrup, Denmark) with about 5 - 10 pmo, of the probe. The 
probes are fluoresceMabelled oligonucleotides of sequences complement to 
the respective mRNAs. 
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Th e hybridan mixture is heated to 95«C and afterwards ^~^ 7 ^ 
It he boiling procedure the smears are incubated with ea 50 . 

„ w a hours at 42°C. The samples are washed in excess 
hybridization rmxture for 4 hours at 4 ^ ^ ^ i 

volumes of the wash buffers Wo tomes .n 2 x SSC at C tor 
v SSC at 37 -C for 15 min Then the smears are nnsed two tunes at room 
f n 2 x SSC Following this washing procedure me dissecans are 
te Tl7 fo 30 « blocking buffer (NEN, Biockingbuffer, at room 

ee abte Anti- F .uorescein-a, k a,,ne phosphatase (DAKO A/S). The smears are 
see above) Ant! huo ^ ^ temperature , 

r: 2 hours at room temperature. The staining reaction is 

u ,ith 1 mM EDTA in PBS. Finally the smears are dipped in H20dest. ana 

:r::r c^i-* - - — — can be ana,ysed 

microscopically. 

expressing p14ARF mRNAs at detectable levels. 

Thi s resuit indicates, that me method according to the present invention may be 
used for the discrimination of metaplasias and neoplastic lesions. 

Example 3: In vitro stimu.atlon of ceilular immune response by HLA-A1 
restricted peptides 

immune response. The experiments were performed as follows: 
Peptides displaying HLA-A2.1-as we,, as HLA-A1 and HLA-A3-binding motifs were 
seleld y^ing advantage of specific computer programs [(Parker, Bednare , » 
C gin 1994): h ttp:// b imas.dcrt.nih.gov/mo,bio/h,a_bind, and (Rammensee et al. 
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htln , /134 2 96 22 1 /soripts/MHCSe«er.dlimome.html. Peptides ware 

1 ? synthesis unit of the DKFZ. Stock solu«ons 

purchased from the pepuue y hpfore use. 

nDMSOJweres.oredat-TO-CanddHutedtomng/mMnPBSbefore 

,™nt T2 cells were pulsed with 7 P 14ARF spec.fc 
ln onerepres e nt a t,veexper, m entT2ce«sw p ^ ^ 

HLA-A2.1 — ----7 tP ;; s . 97: LMLLRSQRL, Pes. 8: 
AAVALVLML, Pes. 92 ^VALVL ^ ^ peptide ) 

HIMGRGRCV, Pos. 85: AAPGAPAAV, r ^ ^ 

The expression of HLA-A/i. wa anti-mouse lg 

gradient conjugation. Whole CD3 + T cells r ^ 

agnatic dep,e«on of non-T ce»s ^J^^L******"- 

^-^^^-^^""o* ss assessed t>y 
Preparations contained at least 97/. 
immunophenotypic analysis. 

, m & A2 1 donors were incubated with the same pept,des l.sted 
CD40 Bs of a HLA-A2.1 donors w serum-free 
above OOpg/ml) and human a2-microglobu„n tQ remove 

lscov ,DMEM medium for one hour at room ^^"^ ^ autologous 
excess of peptide, were irradiated pOG y ) an ^ ^ , Q% 

Toells( > 9 T % CD3 + )atarat,oof 4 (T^CD B ^ ^ 

h uman AB-serum suppler, nt M£ « ^ ^ ^ days , 
plated at a density of 2 x 10 ceu , estim ulation of T cells, this 

culture they were fed with 1* complete a , SQ at day 24 

was repeated weekly. IL-2 was flrst g,ven a. day 2 ( OlU/m., 
an dfromday28onon*h.L-2was used instead of hlL7. 

covered with mouse ant.-human imn 9 numbe rs of effector cells 
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„ ,r« — — >. r- r tirs;r ^™ 

Gottingen, Germany). 

ih»i the used peptides are suited to raise an immune 

The "*1ZZ££^ fram *• p14ARF sequence thus may 

according to the present invention. 

Example* Cvto.ox 1 c,t y assa yd ,ecteda g a i ns,ce. 1 sd iS p,ay I n g pept1 d es 
CTL bulK cu,tures and,or CTL Cones obtained adding to the method descnbed 
in Example 1 were tested for their cytotoxicity as follows: 

*• i «f <~ti rlnnes one HLA matched HLA-A2.1 

pT«" - « »»« « ~ — "* '-***• - 
=^==— ^-r=rS 

the respective untransf ectec ce M,ne =) Jt « ^ ^ ^ 
transfected oeli lines as well as p14ARF pos.t, e ^ 
were lysed by the bulk cultures and/or pooled clones of CTLs. 

significantly lower percentage. 

These results shall be representative for the results related to the other pepfdes 
(HLA-A1 and HLA-A3 restricted), which rendered similar rates of lys,s. 
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Exampie 5. Screening for Antibodies directed against peptides derived fro. 
INK4a encoded proteins in patient samples 

Serum of 25 patients with diagnosed cervical dysplasias was tested for the 
anybodies to peptides derived from P t4ARF as disclosed herein. As a 
control the serum of 50 normal individuals was tested. 

For the test synthetic peptides representing immunogenic regions of the P 14ARF 

membranes. The ny ^ b|ockjng unspec , f , c 

phosphate-buffered salme (PBS) wth 5 /. m P 

membrane binding. After washing the membranes wit , 

x ~ w«,,r XhPr^after the membranes were wasnea 

ium - rr p?» »r™T E «o .r .« - — «- 
=r-=~ -» - , : — — 

on the respective membrane. 

The results show, that in samp.es of U^our patients antibodies directed against at 
least one p14ARF specific peptide were present. 

Thi s illustrates, that theme*od according to the present invention may be used for 
diagnosis of tumors such as cervical dysplasias. 
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Exmpte 6:: lmm „„oe„z ym aV,cde te c,i 0 n 0 « t heover.xpres Si ono, P 1S lN K4a a „dp14ARF l n 
cytological samples of the uterine cetv* 



Merckofrx®fixed cytological samples (convantional smears and liquid based 
using antibodies specific for P 16INK4a and P 14ARF. 

ethanol (50%) for 1 0min at RT and transferred in Aqua bidest. " ^" 
was carried out with 1m M EDTAbuffer (pH 8.0) for P 1 6, N K4a and pUARR 
Therefore the slides were heated inawaterbath for 40 m,n at 95 C-98 OTha 
slides were cooled down to RT for 20 minutes and transferred to washing buffer. 

Endogenous peroxidase activities were blocked with 3% H202 for 5min at RT. 

After washing the slides they were incubated with the f irst primary antibody 

washing bufferand placed inafresh buffer bath for 5 min. Excess buffer was 
tapped off and each specimen was covered wfth 200pl of the secondary regent ( 
Envision goat anti mouse - Peroxidase) and incubated for 30m,n at RT.Then 
aides were washed three times as before. For the chromogenic visualization DAB 
(Dako Cytomation) was used by incubating the slides with the substrate 
Lmogen complex for 1 0 min at RT. The reaction was stopped ,n de,on, Z ed 
water and slides placed in wash buffer. 

After washing the slides were incubated with thesecond primary -*ody directed 
aaainst pltf*" (FtTC labeled) for 30 min at RT and were then nnsed With 

tapped off and each specimen was covered with 20OmI of the secondary reagen 

for 30min at RT . Then slides were washed three times as before. For the 
chromogenic visualized Fast Red ( BioGenex ) was used by incubating the 
Is with the substrate chromogen complex for 30min at RT. The reason was 
stopped in deionized water . 
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Cere incubated in running tap water for 10min at RT and then mounted with 
aqueous mounting medium ( Aquatex / MERCK ). 

Themicroscopic examination of the slides reveals, that oeHs im m uno-reac*e with 

P14ARF and with antibodies directed against pt6,NK4a. (of. F,gure 5 So 
clas, to meta^astic cells in Aplastic ce..s double-staining of single cells may 
be produced using the P 14ARF and p1 6.NK4a specffic antibod,es. 
The results as given in Figure 5 show, that the double staining of cells with reagents 
Ipecihc for p 14 ARF and p16INK4a allows for double staining of dysp.as.as ,n 
immunoenzymatic double staining procedures. 



